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[57] ABSTRACT

A process for the agglomeration of particulate material
comprising contacting said particulate material with an
aqueous solution of polymer of acrylamide and an
aqueous solution of dialdehyde having the formula O =
CH — (R), — CH =0, where R is a divalent hydrocar-
bon radical having from 1 to 8 carbon atoms, and n is
0 or 1, at a temperature in the range from 0° to 100°C.
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PROCESS FOR THE AGGLOMERATION OF
PARTICULATE MATERIALS

This invention relates to a process for the agglomera-
tion of particulate materials to form stable aggregates.

Techniques for the formation of -stable aggregates
from particulate materials find a wide variety of appli-
cations, such as for the solidification of soils for the
construction of buildings or runways, well drilling, tun-
nel construction, dune and soil stabilization against
erosion, manufacture of coal dust agglomerates, shell
moulding, and the like.

Processes have been suggested for producing ag-
glomerates from particulate materials, namely by coat-
ing and eventually impregnating the particles with poly-
mers of acrylamide which are then cross-linked. How-
ever, in such known processes, the cross-linking re-
quires the copolymerization of acrylamide with another
expensive monomer, such as alkylidene-bis-
acrylamide, by means of which the cross-linking is per-
formed, or it requires a long heating operation and the
presence of special additives. These known processes
generally have been found economically unattractive
and have few uses.

An object of the present invention is to provide a sim-
ple and economical process for agglomerating particu-
late materials. Another object of the present invention
is to provide a flexible process, allowing the treatment
of a wide variety of particulate materials in order to ob-
tain bulkier and stable aggregates. A further object of
the present invention is to provide a process for ag-
glomerating soil particles, for the purpose of improving
the structure of poor soils or of stabilizing the structure
of good soils.

According to the present invention, the process com-
prises contacting solid particulate materials with an
aqueous solution of polymer of acrylamide and an
aqueous solution of a dialdehyde having the general
formula O = CH— (R),, — CH =0, where R is a diva-
lent, substituted or unsubstituted hydrocarbon radical,
having from 1 to 8 carbon atoms, and nis O or 1, ata
temperature from 0° to 100°C.

The terms ‘“acrylamide polymer™ and ‘‘polyacryl-
amide” used hereinabove and throughout the following
description are to be understood to cover both the ho-
mopolymers of acrylamide and copolymers based on
acrylamide, such as those of acrylamide copolymerized
with a monomer or monomers chosen from acrylic
acid, methacrylic acid, their esters, acrylonitrile and/or
other vinylic or polyolefinic monomers. Generally, the
acrylamide polymer has a molecular weight higher than
5,000, preferably between 50,000 and 1,500,000.
Higher molecular weights produce viscous solutions
which are not easily handled.

The concentration of the aqueous solution of poly-
acrylamide as well as the quantity of solution to be used
depend on several factors, particularly on the type of
agglomerates required. Generally the sclution of acryl-
amide polymer contains from 0.5 to 10 percent by
weight of polyacrylamide. More concentrated solutions
are too viscous and difficult to spread over the parti-
cles, whereas excessively diluted solutions result in the
presence of an unnecessary amount of water. Prefera-
bly, the aqueous solutions contain from about 1 to 4
percent, and more particularly from about 1 to 2 per-
cent by weight of the polymer of acrylamide.
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When particulate material as soil is processed to ag-
glomerate the solid particles and form stable aggregates
which however allow the air to penetrate easily to the
underlying layers through the interstices between the
aggregates and permit retention of moisture, the
amount of aqueous solution of acrylamide polymer
used generally is sufficient to provide acrylamide poly-
mer (calculated on a dry basis) of from 0.5 to 5, and
more particularly from 1 to 3, parts by weight per 1000
parts by weight of particulate material.

To obtain more compact agglomerates, for example
for solidification of building land, for stabilization of
soils for drilling purposes, for production of moulding
shell, and the like, the quantity of acrylamide polymer
employed is greater than the above amounts. However,
in this uatility, the amount of acrylamide polymer sel-
dom will exceed 50 parts by weight (calculated on a dry
basis) and more generally such amount will be within
the range of 10 to 20 parts by weight per 1000 parts by
weight of particulate material. No advantage is ob-
tained from the use of greater amounts of polymer.

The dialdehyde which is contacted with the particu-
late matter along with the aqueous solution of acrylam-
ide polymer generally is one which is water soluble.
Such dialdehyde is also one having the formula O =CH
— (R), — CH =0 wherein R is a divalent hydrocarbon
radical of 1 to 8 carbon atoms and n is 0 or 1. The
choice of the particular dialdehyde to use depends pri-
marily on economic factors and, in that respect, ali-
phatic dialdehydes are preferably used. Particularly
useful are malonic, succinic and glutaric dialdehydes
and, preferably, glyoxal O=CH—CH=0.

The quantity of the dialdehyde employed is such that
not more than one aldehyde group is present for each
amide group of the acrylamide polymer. No gelification
of the polymer occurs with higher proportions of dial-
dehyde. More particularly in the case of glyoxal, the
quantity employed is in the range of 0.25 to 10 percent
of the weight of dry acrylamide polymer.

At ambient temperatures, gelification of the acrylam-
ide polymer occurs in the presence of the dialdehyde,
but for most applications, takes place somewhat slower
than desired. The gelification rate may be hastened by
adding a basic compound in order to have a pH higher
than 7, more particularly a pH within the range of
about 7.5 to 9. The pH influences not only the gelifica-
tion rate of the polymer, but also the stability of the
formed gel. Thus, the choice of the pH depends largely
on the application considered for the process of the
present invention. For example, for soil stabilization,
the gel is preferably formed more slowly in order to
allow the spreading of the mixture on the soil, but is
also desirable that the formed aggregate remain stable
for a long period. To accomplish these objectives, the
pH of the reaction mixture preferentially is about 8 to
8.5. The pH modifying agents are basic compounds
which are relatively inert to the polymer and the dialde-
hyde. Such basic compounds are more particularly in-
organic compounds, such as alkali and alkaline earth
hydroxydes or salts, i.e., alkaline carbonates or phos-
phates. Among such compounds are NaOH, KOH, Na,.
CO;, NayPO,, Ca(OH),, and the like.

The process of the present invention is simple to
carry out and requires only minimal care in operation.
For example, in practicing the preferred mode of the
process of the present invention employing a basic
compound, the process may be carried out either by
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mixing the aqueous solutions of acrylamide polymer
and dialdehyde and then adding the basic compound or
by first adding said basic compound to the agueous so-
lution of either the acrylamide polymer or the dialde-
hyde reactant and then adding the other reactant.

The process for agglomerating particulate material
according to the present invention is particularly valu-
able for the treatment of soils, to improve the structure
of poor soils or to maintain the structure of good soils.
The formed aggregates prevent erosion and restrict sur-
face soil movements under the action of wind or rain.
Moreover, they permit the soil to breathe and make
easy the penetration into the soil of rain or irrigation
water, which infiltrates through the interstices between
the aggregates and into the capillary passages of said
stable aggregates. As a result, the germination of seeds
and the growth of plants are made easier.

Another advantage of the process of the present in-
vention lies in the fact that it may be applied for the im-
provement of the structure of soils either before, during
or after seeding of said soils, the compounds used in the
present process not being toxic and not having any un-
favorable effect on the seeds and on the plants. In fact,
the seeds can be dispersed into the solution of poly-
acrylamide or the dialdehyde, a stream of this solution
being then mixed with a stream of the solution of dial-
dehyde or polyacrylamide, as the case may be, and
basic compound, before spraying on the soil. The gelifi-
cation time may be controlled to allow the treatment of
a large area of soil before gelation of the mixed solu-
tions.

In treating soil in accordance with the process of the
present invention, generally, from 5 to 500 g of poly-
acrylamide are used per m? of the soil, the specific
amount depending on such factors as structure of the
soil, wanted degree of agglomeration, and the like.

The invention will now be further described by refer-
ence to the following examples:

EXAMPLE 1

In six experiments, 0.1 ml of a 30 percent aqueous
solution of glyoxal and 10 m! of an aqueous solution of
sodium carbonate were added to 100 ml of a 2 percent
aqueous solution of polyacrylamide. The amount of so-
dium carbonate in the aqueous solution and thus, the
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pH was varied from experiment to experiment. The

gelification time of the polymer was determined at
20°C as a function of the pH of the reaction mixture in
each experiment. The results are given in Table I be-
low. -

TABLE |

Concentration of the
aqueous solution of
Na;CO,(in %) 2
pH of the reaction
11 108 105 10 9.2 85

mixture
Gelification time 150 180 240 330 840 1750

(in seconds)

16 1.2 08 04 02

EXAMPLE 2

Aqueous solutions of polyacrylamide and glyoxal
were mixed as described in Example 1 and aqueous so-
lutions of different basic compounds were then added
to different portions of the mixture. In all cases the pH
obtained was 9.

The gelification time was determined at 20°C as a
function of the nature of the basic compound. The re-
sults of these tests are shown in Table IL
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TABLE Il
Basic compound Gelification time
Na,P,0, 14 minutes
NayPO, 15 minutes
KOH 13 minutes
Ca(OH), 13% minutes
EXAMPLE 3

Two tests were carried out by mixing an aqueous so-
lution of polyacrylamide with an aqueous solution of
two different dialdehydes and with an aqueous solution
of NaOH to have a pH of 8.5. The amount of dialde-
hyde added corresponded to about 1 aldehyde group
for 30 amide groups of the polymer.

These tests were carried out at 20°C and the gelifica-
tion time was determined as a function of the type of
dialdehyde. The results are given in Table III.

TABLE Il
Dialdehyde Gelification time
Succinic dialdehyde 28 minutes
Glutaric dialdehyde 30 minutes
EXAMPLE 4

100 ml of a 2 percent aqueous solution of a copoly-
mer containing 85 percent by weight of acrylamide and
15 percent by weight of methyl acrylate were mixed
with 0.2 ml of a 30 percent aqueous solution of glyoxal
and 10 ml of a 0.4 percent aqueous solution of sodium
carbonate, at 50°C.

The gelification time was lower than 5 minutes.

EXAMPLE 5

Varying amounts of a 2 percent aqueous solution of
polyacrylamide having a molecular weight of about
200,000, and containing 0.1 percent by weight of
glyoxal, said solutions having a pH of 8.5, were added
at 20°C to 1,500 g of sand having dimensions lower
than 2 mm.

For each of the tests, the degree of agglomeration of
sand was determined (degree of agglomeration = per-
centage proportion of particles agglomerated into ag-
gregate sizes exceeding 2 mm).

The results of the test are given in the following Table
Iv.

TABLE IV
Quantity of added Weight percentage Degree of
solution of polymer agglomeration
36 ml 05%, 128 %
75 ml 1%, 30%
150 ml 2%, 70 %
300 ml 4%, 753 %
EXAMPLE 6

In a 250 liter tank, 200 liter of a 2 percent polyacryl-
amide solution, 0.2 liter of a 30 percent solution of
glyoxal and 20 liter of a 0.2 percent solution of sodium
carbonate were mixed. The mixture was sprayed on
sand dunes at a rate of 1.5 I/m2. The gelification took
place 30 minutes after the time of mixing. Due to the
good impregnation of the sand particles by the mixture
and the gelification of said mixture, the erosion of the
dunes by wind was prevented.

EXAMPLE 7

In one of the compartments of a two-compartment
tank car, equipped with a circulation pump, was placed
4,000 liter of a 2 percent aqueous solution of polyacryl-
amide, having dispersed therein 20 Kg of grass seeds.
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The pH of said solution was brought to 8.5 by adding
sodium carbonate. The other compartment of the tank
car contained 40 liter of a 30 percent aqueous solution
of glyoxal.

The polyacrylamide solution was mixed with the
glyoxal solution in a volume ratio of 100:1. This was
done by using two pumps moving a constant volume of
each of the solutions per time unit. The two streams of
solutions were brought together into an applicator, 20
cm before the spraying nozzles of the applicator. About
2 liter of mixed product was used per square meter of
soil.

In one particular case where this process was used,
the land had an inclination of about 70°. The soil was
perfectly stabilized and the seeds stayed in place. No
erosion and no surface soil movement was observed
after three days of heavy rain.

What is claimed is:

1. A process for the agglomeration of particulate ma-
terial into bulkier and stable aggregates, comprising
contacting said particulate material with an aqueous
solution of a polymer consisting essentially of acrylam-
ide, the concentration of said polymer in said solution
being. between about 0.5 and about 10 percent by
weight, and an aqueous solution of a diaidehyde having
the formula O =CH — (R), — CH =0, where R is a
divalent alphatic hydrocarbon radical having from 1 to
8 carbon atoms, and nis 0 or 1, at a pH from about 7
to about 11 and at a temperature in the range from 0°
to 100°C., said aqueous solution of polymer being used
in an amount sufficient to deposit from about 0.5 ‘to
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about 50 parts by weight of dry polymer per 1,000 parts
by weight of particulate material, whereupon cross-
linking of said acrylamide polymer takes place and ag-
glomeration of the particulate material results.

2. The process of claim 1 wherein the polymer of ac-
rylamide has a molecular weight higher than 5,000.

3. The process of claim 2 wherein the polymer of ac-
rylamide has a molecular weight of between 50,000
and 1,500,000.

4. The process of claim 1 wherein the dialdehyde is

-an aliphatic dialdehyde.

5. The process of claim 1 wherein the aldehyde is
glyoxal.

6. The process of claim 1 wherein said dialdehyde is
employed in an amount not exceeding one aldehyde
group per one amide group of the polymer of acrylam-
ide.

7. The process of claim 1 wherein said particulate
material is particles of soil.

8. The process of claim 1 wherein the concentration
of the polymer of acrylamide in said aqueous solution
is between about 1 and about 4 percent by weight.

9. The process of claim 7 wherein said polymer of ac-
rylamide is applied to the surface of said soil in an
amount of from about 5 to 500 grams per square meter
of soil.

10. The process of claim 7 further comprising dis-
persing seeds into either said solution of acrylamide

polymer or said solution of dialdehyde.
* % % % *
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